Abstract: Ion transport enzymes may play an important role in T cell activation. This study investigates the role of turmeric and its individual components, turmerin-and curcumin-on Ca 2+ and Na/K + adenosine triphosphatases (ATPase) in the course of T cell activation.
Introduction
The sodium (Na ATPases have been described in human tissues, one in the plasma membrane, and two in the sarcoplasmic-reticulum [1, 2] . Na/K + ATPase functions as an ion pump and is essential for the maintenance of cellular homeostasis. It is required for the establishment of ionic and electrochemical transmembrane gradient [3] and provides energy for uptake of nutrients [4] and neurotransmitter function [5] through co-transport and counter-transport systems. As a result of such activities, Na/K + ATPase is thought to contribute to the overall level of cellular activation. Similarly, Ca 2+ transporting ATPases (Ca Ca 2+ channels [3] [4] [5] . In a reversible activation event, Ca 2+ is re-sequestered in extracellular storage pools and eliminated from the cell through the plasma membrane [6] . Ca 2+ transport ATPases thus plays an important role in the control of cell activation.
In its native state, one molecule of concanavalin A (Con A) binds two metal atoms: one Ca 2+ and one ion of a transitional metal, usually Mn 2+ [7] . Con A is mitogenic to T cells and has been used to activate T lymphocytes [8] [9] [10] [11] [12] . Con A interacts with antigen presenting cells and T-helper cells thereby promoting production of interleukin 2 (IL-2) which supports the growth and function of other immune effector cells, including macrophages [13] . Thus, Con A can be used as a model reagent to understand the interaction of turmeric and its components with ion transporters coupled to ATPases in activated immune cells.
Turmeric is a yellow powder obtained from the plant Curcuma longa. Turmeric has two active derivatives: a water-soluble moiety termed turmerin and water insoluble moiety termed curcumin.
Turmeric and its products have demonstrated antioxidant activity [14] [15] [16] [17] [18] . Purification and extraction of plant products may generate products whose biological activity may be altered or diminished.
Turmeric and curcumin have been shown to inhibit Na/K + ATPases [19] and curcumin has also been shown to inhibit peripheral blood mononuclear cell activation by a mitogen [20] .
We hypothesized that turmeric and its components would alter ion transport enzyme activity in peripheral blood lymphocytes after interaction with Con A. To test this hypothesis different concentrations of turmeric, turmerin and curcumin were used to alter Ca 2+ ATPase and Na/K + ATPases.
Materials and Methods

Chemicals
Turmeric was obtained from Raja Foods (Lincolnwood, IL). Curcumin was obtained from Aldrich Chemical (St Louis, MO). Turmerin was prepared by dissolving 1 gram of turmeric in 100ml of boiling water for 30 min, centrifuging at 1200 x g for 10 min and passing the supernatant through 0.22 µm filter whose protein concentration corresponded to 80 µg/ml. Chemicals, media and concanavalin A (Con A)
were obtained from Sigma (St. Louis, MO) and Gibco (Grand Island, NY).
Cells
Peripheral blood from healthy individuals was separated by ficoll-hypaque centrifugation and mononuclear cells were harvested and washed 2x in Hanks balanced salt solution and finally re-suspended in RPMI 1640 containing 5% fetal bovine serum supplemented with antibiotics (100 units/ml penicillin, 100 mg/ml streptomycin). Cells (1 x 10 6 cells/ml) were re-suspended and plated into-96 well plates in aliquots of 100 µl. Ten µl of media were added to the first six wells media control and the 10 µl of Con A were added to the remaining 6 wells in the row. The final concentration of Con A used was 10 µg/ml. 
Determination of Na/K + ATPases Activity
The ATPase activity of the mononuclear cells was measured using the method of Fritz and Hamrick [21] as modified by Desiah and Ho [22] and end point phosphate analysis by the method of Fiske and Subha Rao [23] . A 1-ml reaction mixture was used and contained in final concentrations 5 mM ATP, 100 
Protein Assay
Protein was assayed using the Bradford assay (Biorad, Richmond CA) with immunoglobulin gamma (IgG) as the standard.
Statistical Analysis
The data was expressed as means ± SD of 3 samples assayed in duplicate. Statistical significance was calculated using student's t-test and values of p≤0.05 were considered statistically significant in comparing first wells values to control values (Con A-treated samples).
Results
Ca
2+
ATPases Figure 1A shows that an overall decrease in the ATPase levels in the presence of turmeric when compared with base levels (Con A treated samples). At day 7, there is more than a 3-fold increase in
ATPase levels (p≤0.01). Figure 2A shows ATPase activity observed in the presence of curcumin. ATPase levels were overall decreased at days 3 and 5. A 2-fold increase in ATPase activity is observed on day 7 (p≤0.05). Figure 3A shows there is an increase in ATPase levels on day 3 in the presence of tumerin except at 2500 ng/ml where it decreased, and little changes at day 5 (except at 25ng/ml where a moderate increase is noted). There is approximately a 2-fold increase in ATPase activity noted on day 7 (except at 25 ng/ml) (p≤0.05). Figure 1B shows that at days 3 and 5 there is a general decrease in the ATPase levels across the different concentrations of turmeric when compared with Con A alone. At day 7 there is a 2-fold increase in ATPases levels (p≤0.05), except for the highest concentration of tumeric where a decrease in the ATPase levels is noted. Figure 2B shows only marginal inhibition in ATPase levels at days 3 and 5 compared to controls in the presence of curcumin. There is more than a 2-fold increase in ATPase activity noted on day 7 (p≤0.05). Figure 3B shows for turmerin an increase from control levels in ATPase activity on day 3 except at on day 5. There is more than a 2-fold increase in all the concentrations (p≤0.05). At the lowest concentration (25 ng/ml), there is only a 1.5 fold increase in ATPase activity at day 7 (not significant). [25] . It has been reported that mitogenic doses of Con A have no effect on plasma membrane associated calcium
Na/K + ATPases
ATPases of human lymphocytes [26] . Con A did not alter Na/K + ATPase activity in control rats while turmeric and curcumin decreased the Na/K + ATPase activity in retinol deficient rats [19] . Curcumin has not only been shown to inhibit Con A mediated proliferation; it also inhibits apoptosis [27] . In another study, curcumin increased the number of T-helper cells in animals that have been fed curcumin over a period of 3-5 weeks [28] . Further, Ca2+ ATPase inhibitors induce interleukin-2 synthesis and T cell proliferation. In this study, we wanted to determine the activity of ATPases of Con A-stimulated peripheral blood mononuclear cells after 3, 5 and 7 days of incubation. T cell proliferation by Con A reaches peak stimulation at day 3. Intermediate and later stages of T cell proliferation occur at day 5 and 7, respectively.
Ion transport across the membranes regulates a number of biochemical reactions in the cell [29] .
Na/K + ATPase is an integral part of plasma membrane and is responsible for the control of sodium and potassium transport. Inhibition of Ca ATPase activity [30] . It has also been shown that curcumin (5-30µM) concentrations inhibit overall ATPase activity and Ca 2+ transport by interfering with phosphoenzyme formation with ATP or Pi [31, 32] . The lowest concentration of curcumin used in the present study is 5 µg/ml, which corresponds to about 13.5 µM concentration. This study has investigated the relative changes in activity over time. The increase in receptor density for ATPases at day 7 is most likely due to the up-regulation of these receptors.
To our knowledge, this is the first report to show that there is enhancement rather than inhibition in ATPase activity after 7 days of culturing in the presence of turmeric and its products. The late stage of T cell activation lowers the proliferative capacity at day 7, but increases the ATPase activity implying that there is regeneration of the receptors, which are associated with these ATPases. The concept of shedding and resynthesis of immune cell receptor after 3-4 hrs is well documented but the dramatic up-regulation of the receptor at 7 days has not been described previously [33] [34] [35] [36] .
The differences between the activities of turmeric, curcumin and turmerin on ATPase activity cannot be easily explained although the parent compound and it derivatives generally exert the same effect on ATPase activity. It is possible that the mechanism of action of turmeric and its products may be inhibition of ATPase activity while increasing the intracellular concentration of Ca 2+ as suggested by other simulation studies [30] . It is also conceivable that turmeric, curcumin and turmerin alter Ca 2) In the presence of curcumin, Ca
2+
ATPase and Na/K + ATPase levels decreased below the base level at 3 and 5 days while at 7 days ATPase activity exhibited a two-fold increase.
3) In the presence of turmerin, Ca
ATPase and Na/K + ATPase levels generally increased on day 3, decreased on day 5 and increased two-fold on day 7.
